The classical model of the adaptive radiation of Darwin's finches is one of repeated speciation in allopatry. Evidence 
ferent niches in which t ey may be separately regulated and they could be on the way to achieving full reproductive isolation through assortive mating. It is suggested that the population may oscillate between fission and fusion tendencies due to a changing selection regime in this variable and unpredictable environment. There is no evidence that one of the morphs originated allopatrically and then immigrated to Genovesa. The possibility of sympatric speciation being partly responsible for the adaptive radiation, dismissed more than 30 years ago, should be reinstated.
Darwin's finches on the Galapagos and Cocos islands have contributed to the development of our understanding of evolution in general and of speciation in particular. Their diversity played an important part in stimulating Darwin to formulate the principle of natural selection (1) . A century later that same diversity stimulated Stresemann to propose an explanation for the generation of several contemporary species from a single ancestral stock (2) . Lack (3) (4) (5) elaborated the basic idea and proposed a model which has come to be known as the allopatric speciation model. The essential feature of the model is that a single species splits into two through the independent evolution of two or more populations on different islands; geographical isolation of the populations is a necessary condition for speciation. Generation of the 14 species of finches (subfamily Geospizinae) from a single ancestral species is explained as the result of repeated speciation events involving divergent evolution and adaptation to different ecological niches.
The allopatric model of the evolution of Darwin's finches was readily accepted and has since become a textbook example of what is regarded as the principal method of speciation in animals (6) . Its widespread adoption has been due not to its originality, but to the clarity with which observations fit the theory.
The major alternative to this model is sympatric speciation. A single population splits into two, reproductively isolated, populations through divergent evolution of two segments; one becomes adapted to one set of ecological circumstances and the other becomes adapted to another set. There is ecological isolation but no geographical isolation. Lack (5) raised this possibility with regard to Darwin's finches by suggesting that a population could become subdivided in two separate habitats. He then dismissed this by pointing out "two insuperable objections" (5) . The first is the incompleteness of the isolation of the two subdivisions of the population. The second is the absence of any instances of birds known to be in the process of differentiating in adjoining habitats.
Lack's example of ecological isolation by habitat is a special case of sympatric speciation. Maynard Smith (7) has since proposed a general model of sympatric speciation. Genetic polymorphisms can give rise to separate species sympatrically if certain, rather stringent, criteria are satisfied: (i) the size of the polymorphic population is separately regulated in the two niches it occupies and the selective advantages of the morphs in their respective niches are large; and (ii) a mechanism causing reproductive isolation between the morphs, such as assortative mating, evolves.
We present evidence from a study of Darwin's finches that is consistent with the sympatric speciation model. Having done so, we discuss the difficulties of deciding which speciation model, allopatric or sympatric, best accounts for the facts. Continuous and discontinuous variation Natural selection may promote a large degree of genetic variation in populations living in heterogeneous environments (8) . This is because individuals of different genotype are adapted to exploiting different parts of the environment. Support for this hypothesis has been obtained from our previous studies of Darwin's finches on the Galapagos Islands. Several populations of Geosptza fortis display a large phenotypic variation in bill dimensions, and within these populations different phenotypes are found in different habitat patches, exploiting foods of different size and hardness with efficiencies that can be correlated with their bill sizes (9) . Because bill dimensions have high heritabilities (10) , it is reasonable to assume that differences in phenotype reflect differences in genotype.
To find out if these results have general significance we studied another variable finch population, G. conirostris on Isla Genovesa (11) . This island was chosen because it is low, flat, and isolated. There is no opportunity for adaptation along an altitude gradient and little opportunity for gene flow from other populations. We discovered an unusual variation. Adult male G. conirostris are segregated into two discrete phenotypes on the basis of song. Those males that sing one song type have significantly longer bills than males of the other song type, and these differences in bill size are associated with different feeding habits.
Song Variation. Nineteen breeding pairs of C. conirostris were observed in the period 19 January to 2 May 1978. Eight males sang a loud ch ch ch, which we designate song A, and the remaining eleven males sang a chrrr, which we refer to as song B (Fig. 1) . In addition there were four unmated song A males 2359 The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] November, in the same manner as previously.
Foraging differences are associated with bill length differences between the two groups of males ( In the nonbreeding season the foraging differences between the two groups of males are more striking and center almost entirely on how the birds exploit Opuntia cactus (Table 2 ). Both groups feed on flowers and buds (eight individuals observed), but only song A males (five of them) were observed to feed from fruits on Opuntia bushes by drilling a hole in the fruit with the bill and eating the pulp from around each seed and only song B males (six) were observed ripping open Opuntia pads and feeding on the pulp. The numbers of birds engaging in these three ways of exploiting Opuntia were used to test the hypothesis that the two groups of males used the three activities with equal frequency. This hypothesis was rejected; X2 = 11.48, P < 0.005.
These results suggest that the bill difference between the two groups of males is functionally related to the foraging differences because a long bill is advantageous in probing and a short and relatively stout bill is advantageous in crushing or tea ing large and hard food items (11, 14) . One expects the significdnce of a difference in bill size to be more apparent in the nonbreeding season, when food supply is lower and the regulation of numbers is likely to occur, than in the breeding season when food is abundant (15) . This is indeed what we observe with the two groups of male G. conirostris.
There are fewer data for females. In both seasons there were no significant differences in foraging between the two groups of females or between either female group and their respective male groups. Thus, the major difference in bill size and foraging characteristics lies with the two groups of males.
Genetic Variation. Sexual dimorphism in average bill size is a common phenomenon in some groups of birds (16) , but a dimorphism in average bill size between adult members of one sex that differ in song type has not been reported for any species. The question arises, are these two song groups genetically different? It is reasonable to assume that they are in view of the high heritability of bill size in the closely related congener G. fortis (10) . There is further evidence of a genetic difference between the two song groups from nestling bill color. Nestling bill color is dimorphic; bills are either pink or yellow. The frequency of yellow morphs in nestlings of the song A males (36%; n nestlings = 59) is twice as high as in the nestlings of song B males (18%; n = 79). The difference is significant (Xl = 5.70, P < 0.02). Although we have no direct evidence, we believe the color variation to be under genetic control because it appears at hatching before the nestlings have been fed by their parents. Furthermore, the frequencies of the morphs differ among the three Geospiza species on Isla Genovesa (G. conirostris, magnirostris, and difficilis) even though diets are similar in the breeding season (unpublished observations).
Separate regulation in two niches
The first condition of Maynard Smith's sympatric speciation model is similar to the Van Valen hypothesis (8) for the maintenance of large morphological variation in a heterogeneous environment. Our results are consistent with this hypothesis. We have demonstrated a feeding niche difference between the two groups of males during the breeding season, and also during the nonbreeding season when food is likely to be limiting (15) . The possibility that the numbers of the two groups are separately regulated is made plausible by analogy with different species. A variety of studies has shown that sympatric congeneric species of birds, however similar in appearance, have different feeding niches (17) (18) (19) (20) (21) . From these observations it is generally assumed that the species owe their sustained coexistence to regulation by different food factors (22) . If species are separately regulated, different morphs within a species may also be separately regulated providing the foraging differences between morphs are equivalent to foraging differences between species. This provision is close to being satisfied on Isla Genovesa.
We made feeding observations during our study on G. magnirostris, a congener sympatric with G. conirostris. In the nonbreeding season the foraging activity of male G. conirostris and male G. magnirostris scarcely overlapped; using Whittaker's index (23) (24) .
Reproductive isolation
The second condition is a mechanism for reproductive isolation. Theoretically, reproductive isolation of the song groups could occur through assortative mating as a result of imprinting (25) of the young on male parent's song. Although we have as yet no direct evidence of imprinting upon father's song in G. conirostris, Bowman (12) has evidence of imprinting in other geospizines from both field and laboratory studies. Our study provides indirect evidence of assortative mating on the basis of song. The evidence is from the distribution of territories in the breeding season.
Territories of song A and song B males alternate in such a way that no two breeding males of the same song type shared a territory boundary (Fig. 2 ). There were 11 boundaries between territories owned by breeding males of unlike song type and none between territories owned by breeding males of the same song type. The ratio of 11:0 differs significantly from the equal frequencies expected from a hypothesis of random distribution of territories of the two male groups with respect to each other   FIG. 2 Evolution: Grant Grant and Grant (two-tailed binomial test, P < 0.002). In contrast to this result, boundaries between an unmated male's territory and the territory of another unmated male or of a mated male gave a ratio of 3:4. This is in agreement with the null hypothesis but differs significantly from the ratio for mated males (Fisher's exact test, P = 0.023).
These patterns might be explained by supposing the two types of males select different types (29) . Occasional heterotypic matings would create new genetic combinations in the population. This might be responsible for the population retaining a large variation in spite of frequent drops in numbers and the danger of losing alleles through random drift. Therefore, the genetic structure of the population can be thought of as fluctuating between two opposing processes, subdivision through imprinting and assortative mating and fusion through random mating.
To test this idea we need information on the matings of birds of known paternal song type. Our study cannot supply this information. Of 120 banded nestlings of known paternal song, only one was found in November. If other populations are polymorphic in songs, it may be possible to investigate mating patterns with them. Assortative mating with respect to beak size has been demonstrated in the G. fortis population on Isla Daphne (10) .
The second difficulty concerns the origin of the song polymorphism. Although Genovesa is well isolated, one of the song morphs may have originated on another island and immigrated to Genovesa. We can find no evidence for this. The only other G. conirostris populations occur on Isla Espafiola and Isla Gardner at nearly the furthest point in the archipelago from Genovesa. Songs are complex and like neither song type on Genovesa. This may be contrasted with a somewhat similar situation on Isla Santa Cruz. Ford et al. (30) found a bimodal tendency in the frequency distribution of beak sizes in male G. fortis at a site on the southern side of the island. They suggested the population may be splitting into two species under disruptive selection. The area is known to be floristically diverse (14) . However, the bimodality can also be explained by recent invasion of differentiated G. fortis from Isla San Crist6bal, an island to the south of Santa Cruz, and with a tendency for each of the original and recent stocks to breed assortatively (9) . Here a potential source of immigrants can be identified by their unusual properties. For C. conirostris, a source cannot be identified.
C. conirostris on Genovesa represents a stage in the process of speciation. The facts are consistent with both an allopatric and sympatric model. Unless one is willing to claim parsimony for the sympatric model (31)-no interisland dispersal and differentiation in allopatry required-it seems best to recognize that the data are insufficient to discriminate between them.
These difficulties pervade all arguments over sympatric speciation (6, (31) (32) (33) (34) (35) . Our study does not help to resolve those arguments. It does suggest that the adaptive radiation of Darwin's finches may not have been produced exclusively by repeated speciations in allopatry (see also ref. 30 ), that at the very least sympatric speciation cannot be dismissed as was done more then 30 years ago (5) . This is of general significance because other plausible examples of "gradual" sympatric speciation have come from plants and insects, not from vertebrates (35) . Finally, it provides strong support for the hypothesis that natural selection maintains variation in a heterogeneous environment (8) . The frequencies of the two song morphs in the G. conirostris population are too high to be accounted for by immigration or mutation, so local factors must be responsible for their maintenance; and, as Maynard Smith (7) has stressed, the establishment of a stable polymorphism in a heterogeneous environment is a crucial step in sympatric speciation.
